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People suffering from multiple chemical sensitivity (MCS) complain of a variety of symptoms that
could impair cognitive and psychomotor function either directly or indirectly. This paper discusses
the use of cognitive and psychomotor performance tests together with some experiment
designs that could be considered for use to assess fitness of MCS sufferers for work or the
efficacy of diagnostic, preventative, or therapeutic measures. The tests could also contribute to
the body of objective information on MCS and help sway the opinion of those who are dubious of
its authenticity. The credentials of cognitive and psychomotor performance tests are derived from
their successful use in studying the effects of drugs, and the types of tests are illustrated by
describing those used by the United Kingdom Defence Evaluation and Research Agency
Chemical and Biological Defence Human Studies Group, which has been involved in the
assessment of drugs and chemicals on work performance for many years. The tests include
mathematical, verbal and spatial processing, tracking, reaction time, attention and vigilance, and
memory tests. The discussion of experiment designs includes both repeated measures and
parallel groups designs together with their advantages and disadvantages and some suggested
modifications to accommodate the particular problems posed by MCS. - Environ Health
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Introduction
Multiple chemical sensitivity (MCS)
describes an intolerance or a hypersensitiv-
ity to chemicals or other agents in the envi-
ronment. The condition can arise from an
acute or chronic exposure to one chemical
or agent; it is marked by heightened sensi-
tivity to subsequent, very low levels of
exposure and often expands to include
other chemicals (hence multiple sensitivity).
This paper is based on a presentation at the
Conference on Experimental Approaches to Chemical
Sensitivity held 20-22 September 1995 in Princeton,
New Jersey. Manuscript received at EHP 6 March
1996; manuscript accepted 2 January 1997.
Address correspondence to Dr. A. Wetherell,
Defence Evaluation and Research Agency, Protection
and Life Sciences Division, Chemical and Biological
Defence Human Studies Group, Porton Down,
Salisbury SP4 OJQ United Kingdom. Telephone: 44
(0) 1980 613478. Fax: 44 (0) 1980 613741.
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chemical sensitivity; STRES, Standardised Tests for
Research into Environmental Stressors.
The range ofpossible chemicals that give
rise to MCS is vast, but common ones
indude fuel and oil fumes and combustion
products, perfumes or colognes, cleaning
agents, building and decorating materials,
and foodstuffs oradditives.
Some MCS sufferers know which
chemicals are responsible for their condi-
tion, but many do not-they simply feel ill
and might ormight notsuspect the cause of
their discomfort. Symptoms vary consider-
ably among individuals, and often are diffi-
cult to define, which leads some authorities
to doubt the authenticity ofMCS. Several
organ or tissue systems can be involved,
usually the nervous, respiratory, gastroin-
testinal, and musculoskeletal systems.
Symptoms typically include headache,
fatigue, joint and muscle problems, irrita-
tion to the eyes, ears, nose, throat or skin,
general malaise, difficulty concentrating,
andpoor memory. These symptoms vary in
severity and can be disabling. Whether or
not MCS is arecognized medical condition,
there is no doubt thatsufferers feel ill, often
are aggrieved when their complaints are
dismissed, and often feel unable towork.
Studies ofMCS have mostly been con-
cerned with elucidating the mechanisms by
which the chemicals have their effects, iden-
tifyingandtreatingMCS sufferers, orassess-
ing the veracity oftheir claims. The first
type ofstudy commonly uses techniques
such as neuropsychology, immunology,
psychoneuroimmunology, neurophysiology,
and nasal pathology and olfaction. The sec-
ond and third types ofstudy commonly
involve removing the suspect chemical or
chemicals from the patient or removing
patients from the chemicals, usually by
confining them in a specially built, chemi-
cally dean environment. In either case, it is
important that the studies be properly
designed and controlled and that the out-
come measures ofthe effects ofthe proce-
dure are sensitive, reliable, and valid. Bad
study design and measurements are unlikely
to find answers, and are just as unlikely to
sway the opinion ofthose who doubt the
authenticityofMCS.
Cognitive andpsychomotorperformance
tests, as distinct from neuropsychological
tests, have been little used so far in evaluat-
ing MCS but have been widely used to
assess the effects ofenvironmental stressors,
mostlydrugs. These types oftest have three
advantages for MCS patients. First, they
are based on accepted models ofreal-life
skills, and thus can be used as objective
assessments of the patients' abilities to
work. Second, they are very sensitive and
can easily detect and measure effects of
exposure or the effectiveness ofdiagnostic,
preventative, or therapeutic measures.
Third, the tests are objective, and their use,
together with carefully controlled study
designs, could help to determine whether
MCS is agenuine illness.
Cognitive and Psychomotor
Performance Tests
Cognitive function refers to an individual's
ability to think and reason in terms of
temporal and spatial relationships and in
symbols such as words and numbers.
Psychomotor function (sometimes called
perceptual-motor function) refers to an
individual's ability to coordinate timely
and appropriate responses to stimuli.
Cognitive and psychomotor functions are
not discrete; they overlap to the extent
that the stimuli require thought. For
example, a simple reaction time test is
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usually considered a psychomotor test, but
ifthe stimuli are complex and require deci-
sions about how to respond, then the test
becomes more cognitive.
A distinction should be drawn between
cognitive and psychomotor performance
tests on the one hand, and neuropsycholog-
ical and other types ofpsychological tests
on the other hand. Both are intended to
elucidate cognitive and psychomotor func-
tion and, thus, there is a large amount of
overlap, e.g., reaction time is used as both a
performance test and a neuropsychological
test. The difference is in the basis and use
ofthe tests. Neuropsychological tests are
based mostly on neurological principles;
they are almost always purchased from sup-
pliers, administered in standardized forms,
and are mostly diagnostic in purpose.
Because neuropsychological tests are stan-
dardized, the score ofany individual on any
occasion can be compared with norms and
the degree of abnormality determined.
Neuropsychological tests have been used
frequently in MCS studies but generally
have not shown any consistent impairment
in MCS sufferers.
In contrast, cognitive and psychomotor
performance tests are based mostly on per-
formance models such as factor analysis,
resource, and information processing mod-
els. Details ofthese models can be found in
any experimental psychology text, and their
relative merits have been discussed earlier
(1). Performance tests are not normally
purchased. They are derived mostly from
the experimental psychology literature and
are in the public domain; thus, anybody
can use them. Performance tests are not
diagnostic but predict real-life performance
to the extent that they have construct and
criterion validity. Most performance tests
have a high degree ofconstruct validity, but
it must be admitted that many have
questionable criterionvalidity.
Performance tests generally are not
standardized; they are almost always
adapted to improve their sensitivity for the
purposes for which they are used. Some
researchers say that standardization is desir-
able so results can be compared among
laboratories; others say that standardization
reduces the tests' sensitivity. Both are right,
but the approaches are mutually exclusive.
Some attempts at standardization have been
made, e.g., the NATO Advisory Group on
Aerospace Research and Development
(AGARD) Standardised Tests for Research
into Environmental Stressors (STRES)
Battery (2,3), but the tradition ofindivid-
ual laboratories developing tests for their
own purposes is too well established to be
easilyabandoned.
Because performance tests are not
standardized, they generally have no
norms. This has advantages and disadvan-
tages. A disadvantage is that the tests can-
not be used to determine whether a score
is abnormal. However, determining
whether a score is normal or abnormal
depends on the sensitivity and reliability of
the test in discriminating between normal
and abnormal individuals, and on the reli-
ability and validity of the norms. Norms
should not be used uncritically but consid-
ered in terms oftheir size or coverage, e.g.,
age, gender, socioeconomic grouping,
occupation, culture, or nationality.
There actually is a small number of
cognitive and psychomotor abilities,
according to the classifications and tax-
onomies proposed (4-8), but people use
these abilities in a variety ofways and there
is a staggering number and variety oftests.
Most tests have been used in studies ofdrug
effects (9-11). To date, there have been
only a few studies ofthe effects ofindustrial
and environmental chemicals using cogni-
tive and psychomotor performance tests, as
distinct from neuropsychological tests
(12,13), but there is no reason to suppose
that tests for drug effects would not also be
suitable for testing for chemical effects.
All psychological tests should satisfy
three basic psychometric criteria: sensitivity,
reliability, and validity (1). Sensitivity con-
cerns whether the test can measure any-
thing at all; a test may be sensitive to one
stress but insensitive to another. Reliability
concerns whether the test makes its mea-
surements consistently; an unreliable test
will return different scores each time it is
used, a situation that can be mistaken for
effects of, for example, a chemical. Validity
concerns whether the test measures what it
claims to measure; an invalid test may be
sensitive and reliable but measures the
wrong thing.
These principles are applied in many
areas of psychology such as personality,
intelligence, and clinical and occupational
testing but are not applied as often as they
should be to cognitive and psychomotor
performance assessment. This is particu-
larly true in psychopharmacology, where
the literature abounds with elegant, imagi-
native, and ingenious tests ofdoubtful use.
Validity also is related to the purpose ofthe
test: a test may be valid for one purpose
but not for another. Cognitive and psy-
chomotor performance tests are valid
mostly for the study of drug effects, but
their validity with respect to MCS cannot
be determined until theyare tried.
It has been mentioned that performance
tests are based on performance models.
These models have been discussed elsewhere
(1), but a briefmention is appropriate here.
There are many performance models, but
they can be dassified into three basic types:
factor analysis, resource, and information
processing. Factor analysis models attempt
to identify basic factors underlying perfor-
mance by correlating performance on vari-
ous tests and performance in real life. The
resource model postulates that humans have
one or more limited pools ofresources that
can be allocated to the performance oftasks.
Information processing is a fashionable but
widely abused term sometimes applied to
any procedure in which information is
processed; the term is more correctlyapplied
to procedures that attempt to elucidate the
mechanisms by which information is
processed between stimulus and response.
Perhaps the most useful variant ofinforma-
tion processing is the stage processing
model, which holds that humans process
information through several serial stages
such as detection, recognition, decision, and
response. These stages can be isolated using
additive factor methods (1) and the loci of
effects, e.g., ofdrugs, determined.
Tests based on factor analysis and
resource models are phenomenological in
that they represent and often resemble
skills and behavioral phenomena that
humans exhibit in real life. On the other
hand, tests based on the stage processing
model do not necessarily resemble real life;
rather, they attempt to isolate the various
stages involved and to assess their contribu-
tion to the overall performance ofthe task.
The types of test in common use are
illustrated by describing those used at the
United Kingdom Defence Evaluation and
Research Agency Chemical and Biological
Defence (CBD) Human Studies Group.
The task ofthe Human Studies Group is to
assess the effects ofdrugs, chemicals, and
other environmental stressors on humans-
until recently just for the military but now
for civilian industry as well. Since real-life
jobs are too numerous and complex, or too
difficult, to study individually, CBD has
used most ofthe cognitive and psychomo-
tor tests available and continues to develop
new ones to keep pace with increasing
technology andworkpractices.
The tests listed below exist in a great
manyversions; the ones described are those
in current use. CBD has found them to be
valid, reliable, to have a good track record
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in assessing environmental stressors, and to
be the best for assessing the effects on work
performance ofa variety ofdrugs including
anticholinergics such as atropine (14,15)
and hyoscine (16,17), benzodiazepines such
as diazepam (14), anticholinesterases such
as sarin (18), pyridostigmine (19) and
physostigmine (17,20), antiemetics such as
ondansetron and granisetron (21), and
antibiotics such as doxycycline and
ciprofloxacin (A Wetherell, unpublished
data). The tests have also proven useful for
studying other stressors such as fatigue, sleep
deprivation, and protective clothing (22).
CBD's tests are all in the public domain
and come from a variety ofsources such as
the cognitive, clinical and experimental psy-
chology literatures, the batteries developed
by the U.S. armed services, the NATO
AGARD STRES Battery (2,3), and some
tests developed at CBD. Not all the tests
are used all the time; they are selected
according to the particular drug, or other
stressor, and work situation at issue. All the
tests can be administered repeatedly, to
monitor the time-course ofeffect; different
versions are produced by random or
pseudorandom generation ofstimuli.
Unless stated otherwise, all tests are
presented and scored by computer and last
3 min; scores are the number ofproblems
attempted, the number of correct answers
given, and response times, or derivations of
these. References refer to the originator(s)
of the test or to examples of the first or
early use ofthe test. Where no reference is
given, the test has been in use for so long
that its origin is not known.
Mathematical Processing
NumericalProcessing (2,3,23). A series of
problems is presented, each problem con-
sisting ofthree digits and two operators (+
or -), e.g., 6+4-3. Subjects say whether
the answer is greater or less than 5.
Problems are designed so the answer never
actually equals 5.
Number Facility (24). A series of
problems is presented, each problem con-
sisting of three one- or two-digit numbers
arranged vertically with a box at the bot-
tom. Subjects have to sum the numbers
and insert the answer in the box.
Logical Reasoning
Original Version (25). A series of
sentences, each followed by a pair oflet-
ters, e.g., AB or BA, is presented. The sen-
tence describes the order ofthe letters, e.g.,
A follows B, B is preceded by A, A is not
followed by B, and subjects have to say
whether the statement is true or false. For
example, B does not followA-AB is false.
AGARD STRES Version (2,3). A
series ofpairs ofsentences, each followed
by three symbols, #&*, is presented. The
sentences describe the order of the sym-
bols, e.g., & before #, & after *, #&*. If
both sentences are true (or both false) with
respect to the three symbols, subjects press
a key signifying same, otherwise, they press
a key signifying different. In the above
example, both sentences are false. AGARD
adopted this version because the simpler
syntax is more language-fair, and the sym-
bols have no inherent order. Two sentences
with three symbols are used because using
the simpler syntax of one sentence with
two symbols would have been too easy.
Spatial Processing
Manikin (26,27). A front or back view ofa
human, rotated at any angle, and holding a
flag in one hand is presented. Subjects have
to specifywhich hand is holding the flag.
Histograms (2,3,23,28,29). A four-bar
histogram is presented for 3 sec, followed
by a blank screen for 1 sec, followed by a
second histogram rotated by 90 or 270.0
The subject must say whether the two
histograms are the same or different.
Trcking
Pursuit Tracking. The subject, using
a joystick, tries to keep a cursor on a
moving target. The test lasts for 3 min,
and the measurement is the root mean
square error.
Unstable Tracking (2,3,23,30). The
subject uses a joystick or a mouse to keep a
horizontally moving cursor on a fixed tar-
get. The test is set up so the cursor acceler-
ates away from the target, requiring
subjects to increase their control move-
ments with increasing distance. This is
analogous to balancing a pool cue vertically
on the end ofa finger.
ReacdonTime
Simple Reaction Time. Subjects press a
key as quickly as possible after a stimulus,
usually a black square or disk on the
screen, or a beep from the speakers.
Reaction time is usually taken as the mean
ofseveral attempts, to minimize errors due,
for example, to distraction.
Choiee Reaction Time. Subjects press
one of several keys as quickly as possible
after various stimuli. Reaction time is usu-
ally taken as the mean ofseveral attempts,
to minimize errors due, for example, to
distraction.
Complex Reaction Time (2,3,23,31).
This test is based on the stage processing
model and is designed to identify the locus
ofa drug effect. A tautologous digit (2, 3,
4, or 5) is presented on the left or right of
the computer screen and subjects press one
offour keys as quickly as possible. The test
has six parts, each lasting 3 min and each
designed to cover a particular stage ofinfor-
mation processing-encoding, motor pro-
gramming, motor activation, response
selection, and response execution. This is
achieved by varying the stimulus quality
(easy or difficult to recognize), response
complexity (single or triple keypresses), time
uncertainty (regular vs unpredictable inter-
stimulus intervals), and stimulus-response
compatibility (response key on same side as
or different side from the stimulus).
Attention/Vigilance
Attention is a driver for other functions,
but in test terms it is usually thought ofas
the ability to detect fairly frequent targets
in a matrix of rapidly presented, repetitive
stimuli. In contrast, vigilance is the detec-
tion ofuncertain or infrequent stimuli over
a prolonged period. Many so-called atten-
tion/vigilance tests involve higher cognitive
functions than simply detection, so the
term is often used to include tests that are
difficult to describe in any otherway.
Letter Cancellation. Matrices of
random letters are presented, and subjects
cross out or mark certain letters.
Serial Response (32). A row of five
outlined squares is presented, correspond-
ing to the keys 1 to 5 on the keyboard.
Subjects "chase" a black square that
appears at random in one of the outlined
squares by pressing the appropriate key;
each key press causes the black square to
disappear and reappear.
Focused Attention (33). Three
warning crosses are presented, one in the
middle of the screen, the other two either
close to it or close to the edges of the
screen. The middle cross is replaced by a
target letter (A or B) and the other crosses
by asterisks, the same letter as the target, or
the other letter. Subjects respond to the
target letter by pressing an appropriate key.
Search (33). Two warning crosses are
presented close to the middle or close to
the edges of the screen. One cross is then
replaced by a target letter (A or B) and the
other is either replaced by a digit or disap-
pears. Subjects respond to the target letter
by pressing an appropriate key.
Display Monitoring (23). This test
was designed to assess performance in
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process control situations. Subjects watch
the display ofa scale and a moving pointer.
At random intervals, the pointer tends to
stay in one-half its scale. Subjects must
report when this occurs. The load can be
varied by having subjects watch one, two,
or four displays at the same time.
Vigilance. Several auditory and visual
vigilance tests are used, all requiring sub-
jects to detect signals, or targets, in noise.
Typically, the noise can be white noise,
tones ofvarious lengths and frequencies, or
strings ofdigits, letters, or other symbols.
The size ofthe population ofsymbols will
affect subjects' performances, e.g., letters are
more difficult to detect than digits because
there are 26 possible letters and only 10 dig-
its. The targets can be tones ofdifferent
lengths or frequencies, or particular digits,
letters or symbols, or groups ofsymbols. For
example, one test consists ofstrings ofdig-
its, and subjects must press a key every time
they see or hear three successive odd or even
digits (34). The signal-to-noise ratio can be
varied in terms offrequency ofoccurrence,
intensity, and degree ofsimilarity.
Color-WordNaming (35). Names of
colors are presented, either in their own
color or in different colors, e.g., the word
green may be presented in green or in red,
blue, yellow, etc. Subjects must name
either the word or the color.
Self-generationTests
These tests do not present stimuli but
require subjects to self-generate responses.
They are used mostly to measure percep-
tual-motor or cognitive load, and although
they are sometimes used by themselves,
they are often used as additional tasks
in multitasking tests to measure reserve
capacity or resource allocation.
Interval Production (36). Subjects
must generate intervals, typically by tap-
ping a finger, a foot, or by saying some-
thing at regular intervals, typically once a
second. The actual regularity is measured:
regularity is inversely proportional to
perceptual-motor load.
Random Generating (37). Subjects
must produce digits, letters, days of the
week, or months ofthe year as randomly as
possible. The degree ofrandomness is mea-
sured for single items and for groups of
items as a function of the'population of
possible items: randomness is inversely
proportional to mental load.
Memory
There are probably more memory tests
than all other tests combined, since there
are so many aspects of memory and
because memory is involved in practically
all cognitive and psychomotor functions.
Indeed, some of the tests listed above
involve so much memory that they might
better be called memory tests. Memory
tests generally present either meaningless
information such as random digits or let-
ters, or nonsense syllables or words, or
meaningful information such as real
words, sentences or short stories. At vari-
ous times after presentation, subjects have
to recall or recognize the information,
either unaided or cued in various ways.
Memory tests are affected particularly by
learning, since that is what they are
designed to measure. Most psychologists
want to improve learning, but for a per-
formance psychologist it is a considerable
nuisance, since it confounds the results of
repeated testing.
DigitSpan (38). A set ofdigits, usually
four, is presented one digit at a time.
Immediately afterwards, subjects must
recall the digits. Ifthey succeed, a five-digit
set is presented, and so on until they fail to
recall the digits; then another attempt at a
different set ofthe same length is allowed.
Ifthey succeed, they go on; ifthey fail, the
test is ended and the score is the longest set
of digits remembered. The test is often
repeated, with subjects having to recall the
digits in reverse order.
Item Recall Lists ofdigits, letters, non-
sense syllables, or real words are presented,
and subjects must recall them. In one ver-
sion (38) ten pairs ofwords are presented.
In six ofthe pairs, the words are related to
one another, e.g., eagle-bird; in the other
four, the words are not related. Subjects are
then presented with the first word ofeach
pair and must recall the second.
Memory Search (39-42). This test is
based on the stage processing model ofper-
formance, and can separate effects on
memory from those on, for example, per-
ception or response, which might be con-
fusedwith memory effects. Sets ofsymbols,
usually digits (target sets) are presented,
each followed by a single probe digit.
Subjects must say whether the probe digit
is a member of the target set, and their
accuracy and response times are measured.
The target set size can be changed, the
probe items can be made more difficult to
see or recognize, and the response mecha-
nisms can be changed to affect particular
processing stages.
Shopping List. A list of items is
presented. Subjects are then given a box
containing the items on the list together
with the same number ofother items and
must pick out the items on the list.
Handling real objects rather than remem-
bering items in the abstract improves moti-
vation and performance and is more
representative ofreal-life situations.
QRST Test (43). This is a test of
working memory based on the stage pro-
cessing model. The letters Q, R, S, and T
are presented randomly; subjects must
count each occurrence ofeach letter and
report the counts when asked. One, two,
or all four letters may be presented, the
startingvalue for each letter's count may be
varied, and the incremental (or decremen-
tal) value varied to alter the load on the
stages involved.
Face Recognition. Most memory tests
use alphanumeric information and there is
evidence that graphic or spatial informa-
tion is processed by a separate system (17).
A set ofphotographs ofpeople or faces is
presented and subjects must recognize
them from a larger set.
IncidentalMemory. Subjects are not
given specific information to remember
but are asked to recall incidental features of
the test or the situation. One disadvantage
with repeated use of this test is that sub-
jects learn they will be asked to recall inci-
dental features and begin to notice their
surroundings more closely. This helps
because in a controlled environment there
is only a limited number of incidental
features that can be used.
Multitasking
People in real life commonly have to
attend to more than one task at a time.
The above tests can be used in any combi-
nation, although information processing
tests are most commonly combined with
psychomotor tests such as tracking, atten-
tion/vigilance tests, or self-generation tests.
The tests are chosen according to the com-
binations of tasks involved in particular
jobs or to stress particular psychological
functions that are susceptible to drug or
other effects. Care must be taken to ensure
that the sensory and motor modes do not
conflict, or that they conflict in the way
intended; people have a limited number of
hands and fingers, which do not work
completely independently.
Experiment Design
Cognitive and psychomotor performance
tests are rarely standardized and rarely have
any population norms. Thus, control, or
baseline, data must be obtained for com-
parison each time the tests are used, and
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this requires some form ofstudy design.
The procedures described are based on
those commonly used in psychopharmacol-
ogy; it is not intended that they all be used
directly in MCS studies, merely that they
should be considered. Some procedures
may transfer directly from psychopharma-
cology to MCS, but others may need some
modification, or may not be practicable at
all for certain types ofMCS phenomena.
There are two basic types oftest designs.
In the first, called a repeated-measures or
within-subject design, subjects are given all
treatments in counterbalanced orders. In
psychopharmacology, the treatments would
be drugs and placebos. In MCS, a repeated
measures design could expose MCS suffer-
ers to both a real chemical and to a sham,
or placebo. It is important that the orders
ofexposure are balanced; halfthe subjects
receive the real exposure first and the sham
exposure second; the other half receive the
sham exposure first and the real exposure
second. Subjects should be allocated to the
two orders at random. This balances
intercurrent effects such as familiarization
with the procedures and learning on the
tests themselves.
Repeated measures designs can be
extended to cover more than two expo-
sures, e.g., to measure sensitivity to more
than one chemical. Balancing the orders of
exposure is still important, and one way to
do this is to cover all permutations ofexpo-
sures; each subject follows one permuta-
tion. For example, ifthe effects ofexposure
to two chemicals and a sham as control are
to be studied, there are three exposures in
total: A, B, and C. There are six permuta-
tions of this: ABC, ACB, BCA, BAC,
CAB, and CBA, and this means that at
least six subjects must be tested to cover all
permutations. This procedure can be repli-
cated as manytimes as necessary to achieve a
statistically viable number ofsubjects, with
the total number ofsubjects being a multi-
ple of six. The same random allocation
procedures should be followed.
The same procedure can be followed for
more than three exposures, but the number
ofpermutations rises rapidly and quickly
becomes unmanageable, e.g., there are 24
permutations of four exposures, which
would require subjects in multiples of24.
Fortunately, there is a more elegant way of
counterbalancing four exposures: a Latin
Square. This is simply a way ofselecting
four ofthe permutations so that each expo-
sure occurs once in each serial position.
There are several Latin squares, but in
psychopharmacology the squares are also
chosen so that no given exposure precedes
or follows another given exposure more
than once. The square on the left, below,
fulfils the first criterion but not the second;









Each subject follows a row chosen at
random and it takes four subjects to com-
plete the design. As before, enough replica-
tions are carried out to ensure a statistically
viable number ofsubjects. In psychophar-
macology, enough time is usually allowed
between treatments for the drug to be
completely metabolized before the next
treatment is given. In MCS, more time
would have to be allowed ifthe effects are
longer lasting.
Latin squares can be devised to cover
more than four exposures, but the process
again quickly becomes unmanageable
because it often is difficult to devise
squares that are completely counter-
balanced, and analysis and interpretation
become cumbersome.
The advantages of repeated measures
designs are that they usually require fewer
subjects than other designs and the statisti-
cal variance is reduced, since the subjects
are their own controls and do not have to
be matched. Reducing the variance means
that any differences between exposures can
be more easily seen. The disadvantage is
that the design is inflexible; if any subject
misses an exposure or data are lost on one
occasion through error or equipment break-
down, all ofthat subject's results from all of
his orher exposures must be discarded.
In addition, using repeated measures
designs, problems of asymmetric transfer
and stimulus range effects (44,45) may
arise. Asymmetric transfer concerns unbal-
anced effects that could transfer between
treatments. For example, an exposure might
affect test performance differently depend-
ing on when it occurred in the treatment
order, and this could affect performance on
subsequent occasions. This could lead to
over- or underestimation ofthe effects of
the exposure. Stimulus range effects con-
cern subjects' restricting or modifying their
responses according to the range ofstimuli
they have experienced earlier in the experi-
ment. It is a kind oflearning effect. Some
people consider these problems to be arcane
and trivial, but others consider them to be
so great as to render repeated measures
designs unworkable (44,45).
In the other main design, called a
parallel groups or between-subjects design,
subjects are divided into groups and each
group receives one treatment. In psycho-
pharmacology, the treatments would be
drugs and placebos. In MCS, one group of
patients could receive a real exposure to
the chemical or agent to which they
claimed to be sensitive and another group
a sham exposure. This design can also be
extended to cover any number ofdifferent
chemicals simply by adding more groups.
The groups do not have to contain the
same numbers ofsubjects, although each
group must contain at least the minimum
for statistical analysis.
The advantage of parallel groups
designs is that they are flexible; missing
subjects or data are simply replaced and the
studies can take less time. The disadvan-
tages are that more subjects are required
and there can be problems in selecting and
matching appropriate control groups. If
the groups are large, for example, more
than 100 subjects, then allocation may be
random. Ifthe groups are small, as is more
often the case, subjects must be matched. If
they are not, differences between the
groups could be confounded with differ-
ences between the treatments. Matching is
more difficult than it seems, for the num-
ber offactors that could influence test per-
formance is very large, and includes such
things as physical and demographic factors,
personality, intelligence, mood, back-
ground, knowledge, and experience. Some
of these factors may appear obvious but
have little effect on the results; some may
appear unimportant, or may even be for-
gotten but might affect the results signifi-
cantly. It is also possible that matching on
one factor causes a mismatch on another.
In both types of design it is vital that
neither the subjects nor the experimenters
know which subjects have received which
treatment. This is called a double-blind
procedure and is intended to minimize the
effects ofbias, imagination, and prejudice.
Subject allocation to treatment orders or
groups should be carried out by a third
party not involved in the experiment.
Other experiment designs are possible,
but they are usually variations on, or
hybrids of, the main two already described.
Two variations are worth noting. The first
is to use a parallel-groups design but test
subjects before and after exposure. The
results ofthese preexposure tests can be used
to allocate subjects to exposure and control
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groups to ensure that they are matched in
terms of their performance on the tests.
Some experimenters consider this to be
the most important matching criterion.
Alternatively, preexposure tests can be used
retrospectively to determine the degree to
which the groups have been matched and to
adjust the postexposure results accordingly.
The other variation, called a balanced-
placebo design, is designed to separate the
actual effects ofa chemical from the antici-
pated or imagined effects to account for the
possibility that MCS might be a conditioned
response. In this design, there are four con-
ditions: a) subjects are told they will be
exposed and areactually exposed; b) subjects
are told they will be exposed and are not
exposed (or exposed to a placebo); c) sub-
jects are told they will not be exposed are
not exposed; and d) subjects are told they
will not be exposed and are exposed. These
conditions are applicable to both repeated-
measures and parallel-groups designs.
This design is similar to that followed
in signal detection studies, and is used
widely in applied psychology to separate
ability to detect stimuli from bias in
reporting it. Signal detection analysis is
made in terms ofhits (responding when a
chemical is present), misses (not respond-
ing when a chemical is present), false
alarms (responding when there is no chem-
ical), and correct rejections (not respond-
ing when there is no chemical). This
design might not work with all MCS phe-
nomena, but it would work with some,
e.g., caffeine. The mechanics ofthe design
are feasible, but the ethics, particularly of
the last condition, mayprohibit its use.
In practice, the choice ofdesign is often
forced bycircumstances rather than decided
on theoretical grounds. For example, ifthe
exposures needed in a repeated measures
design take a long time and subjects cannot
guarantee to devote that time, a repeated
measures design may not be possible.
As many subjects as possible should be
used in the tests to increase measurement
precision and reduce variance. However,
the law ofdiminishing returns applies, and
as a general rule, it is not worthwhile to use
more than about 30 subjects per group or
subgroup ifsmall sample statistics, e.g.,
t-tests, are intended. If more subjects are
needed, then at least 100 should be used,
and normal distribution statistics applied.
Subgroups can be formed if there are
enough subjects with sufficiently important
characteristics, e.g., males and females; old
and young; old, middle-age and young;
married, separated, divorced, etc.
Experiment Control
Careful experiment design when using
cognitive and psychomotor performance
tests requires careful experiment control to
avoid confounding effects of the drug or
chemical with effects ofother factors. The
principle ofexperiment control is to elimi-
nate any variable that could influence the
results. Ifvariables cannot be eliminated,
they should be held constant or counter-
balanced. If this cannot be achieved, the
variables should be measured so allowances
can be made. Some of the descriptions
below are obvious; others may not be so
obvious but are nonetheless important.
Subjects react to the tester's approach
and mood. Thus, the tester should always
be the same person, have the same approach,
and give a standardized set ofinstructions
to every subject every time. Testers cannot
afford to be happy, sad, bad-tempered, or
to show any human attributes lest they
affect the subjects differently on different
occasions. Double-blinding helps.
Cognitive and psychomotor performance
tests, by their very nature, are sensitive to
changes in individual and environmental
circumstances. Thus, testing should not be
done just before or just after periods of
stress such as illness, emotional upset, or
physical exercise, or relaxation such as
vacations orweekends unless the same con-
ditions can be guaranteed every time. Most
ofthe tests use visual stimuli, and most of
those that do not, use auditory stimuli.
Thus, ifsubjects wear spectacles, contact
lenses, or hearing aids, they should wear
them for all tests.
The testing environment can affect test
performance and should be standardized in
terms of ambient lighting, temperature,
noise, and workstation ergonomics such as
seating comfort, angle and height, com-
puter displays and keyboards, and viewing
and operating distances and angles.
The tests are also sensitive to circadian
rhythms; thus, subjects should always be
tested at the same time ofday. Shift work-
ers should be treated separately, since they
will have made different adjustments to
their body clocks, depending on the shift
timings and how long they have been
doing shift work. Ifcircumstances cannot
be controlled, they should be measured or
at least noted, so they may be used as
factors in analyzing the results.
Stopping subjects from smoking or
from drinking tea, coffee, or alcohol may
appear to give testers more control. This
might be true in pharmacokinetic studies,
in which the xanthines (e.g., caffeine,
theobromine, and theophylline), nicotine,
or alcohol could interfere with absorption
ofthe drug or chemical at issue, but in psy-
chological studies this may be a mistake.
First, smokers and alcohol drinkers, and
even habitual coffee drinkers, will not stop
just because they are asked to do so.
Second, even ifthey do stop, the change in
behavior pattern and the withdrawal symp-
toms could affect performance more than
if they had continued with the nicotine,
caffeine, or alcohol. Generally, it is better
to let subjects follow their normal patterns
ofbehavior, but it is wise to ask them how
much of a particular substance they nor-
mally take and how much they have taken
in the last 24 hr. Remember, xanthines are
also present in other foods such as cola
beverages and chocolate.
Subjects learn with practice; the more
they undergo tests, the more skilled they
will become, even though the tests might
involve well practiced skills. Learning
varies with the tests; simple reaction time
tests involve little learning, but tracking
tests usually involve considerable learning.
Learning tends to follow a negatively accel-
erating curve; it is greatest at the start and
gradually reduces with repeated practice.
The learning effect is very strong and often
can have a greater impact than a drug or
possibly a chemical.
Some psychologists spend their careers
trying to improve learning, but perfor-
mance psychologists often wish it did not
exist, for it often interferes when they are
trying to balance an experiment design.
Some experimenters insist on extensive
training beforehand so subjects can attain a
plateau of performance that is then
assumed to be stable throughout the exper-
iment. Unfortunately, preexperiment train-
ing can be prohibitively protracted and
performance plateaux are not what they
seem; many are simply end-of-session
effects. Any change between the training
and experimental environment or test pro-
cedures will change subjects' motivations
and, hence, their performances and rates of
learning. Thus, subjects may have reached
a learning plateau at the end of training
but start to improve when the experiment
proper starts.
Nonetheless, it is important that sub-
jects are at least guided through the first
steep part oftheir learning curves. Three
basic methods can be used: give all subjects
the same amount of training regardless of
how much they improve; train all subjects
to the same criterion, e.g., to where their
scores on successive tests.are within, for
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example, 10%, regardless ofhow long or
how many tests this takes; or let them say
when they have had enough and note how
much they did. Most experimenters favor
the first option because they are usually
short oftime, but the second option is bet-
ter in that it allows for different learning
rates. The third option is rarely used.
Sham exposures, or placebos, have
been mentioned several times and some
further comments on them are appropri-
ate. The sham exposure should be the
same as the real exposure in all respects
except the real chemical is not used. For
example, the same location, environment,
and timings, including time of day, must
be used; the same administration proce-
dures must be followed and the same
instructions given.
In psychopharmacology, placebos or
sham drugs are relatively easy to administer
double-blind; one simply gives an injection
ofisotonic saline or matches the size, shape,
and color ofany tablets given. Ifthe tablets
cannot be matched, they can be put in
identical opaque gelatin capsules; this also
has the advantage of hiding any taste or
odor. In MCS, placebos can very difficult
to devise because the taste and odor ofthe
chemical cannot easily be removed. Alcohol
is a case in point; it has a distinctive taste
and odor, and many ingenious and imagi-
native means ofdisguise have been tried,
including essences of rum or whisky,
juniper (for gin), strong-tasting herbs and
spices, and smearing the rim of the glass
with alcohol. However, none has been
completely satisfactory. Diluting the alco-
hol works, but the dilution must be so great
that the quantities become prohibitive.
Smearing the rim of the glass with
alcohol would not work in MCS because
the taste and odor of the chemical can be
the very factors that trigger the reaction
rather than any pharmacological effect of
the chemical itself. In MCS, making the
placebo taste and smell like the test chemi-
cal would make the placebo active-it
would not be a placebo any more. Masking
the taste and odor ofthe test chemical with
those of other chemicals could also be a
problem because subjects could also react
to the masking chemicals. It is characteris-
tic ofMCS that hypersensitivity, originally
to one chemical, can later extend to other
chemicals. It is even possible that the
masking chemicals themselves could
induce new hypersensitivity reactions.
Placebos are easier to devise ifsubjects
know which environments induce reactions
but are not aware ofthe taste or odor ofthe
chemicals involved. For example, ifsubjects
complain that they feel ill in certain build-
ings, rooms, or vehicles but do not know
why, rooms or vehicles with the same
appearance but without the taste or odor
could be arranged. This might be difficult
and expensive and in some cases impracti-
cable, but clean rooms are used by some
MCS investigators, and one should keep an
open mind. Ifthe effects ofthe components
ofthe building or vehicle must be isolated,
the components should be substituted as
necessary without changing the overall
appearance ofthe building or vehicle. For
example, carpets and soft furnishings
should not be added but replaced by items
similar in all respects except that they con-
tain the test chemical, or no chemical, as
appropriate. Subjects would be bound to
notice ifa carpet were suddenly to appear
on what had been a bare floor or a red car-
pet where there had been a blue one, and
could react simply to its appearance rather
than to the off-gassing chemicals.
In psychopharmacology, placebos are
used routinely as control treatments, since
they have no effects alone. However, it is
sometimes necessary to use a treatment
that does have effects, e.g., to add weight
to a finding that the test treatments have
no effect. Often, findings of no effect are
taken to mean that there is no effect. This
is wrong, however; absence of evidence is
not evidence ofabsence. A treatment used
to produce a known effect is called averum
(plural vera, from the Latin for truth).
A combination of vera and placebos
could offer a means ofavoiding the prob-
lem ofthe taste and odor ofchemicals. Ifit
is not possible to "blind" subjects by
removing, disguising, or masking taste and
odor, it may be possible to confuse them
by exposing them to a succession of indi-
vidual chemicals and mixtures with various
tastes or odors, including placebos and
vera. To aid the confusion, the number of
exposures should exceed the subjects'
short-term memory spans; at least eight or
nine exposures would be necessary. Vera
for ingested chemicals could be drugs with
known effects; vera for airborne chemical
vapors are more difficult, but anesthetics
might be suitable.
Double-blind procedures have been
mentioned before, but one further com-
ment is necessary. Double-blinding is
widely accepted as a correct procedure dur-
ing a study to avoid any bias caused by
imagination and expectation. What is often
forgotten is that bias can also occur during
analysis ofthe results, especially ifdata are
missing or need interpretation. Thus,
double-blind procedures should continue
until analysis is complete; experimenters do
not need to know the identities of the
exposures to analyze the results-they
simply need labels.
In addition to cognitive and psycho-
motor performance tests, it may be neces-
sary to include other measures to help
interpret the results. The type of measure
will vary with the type of study, but as a
general rule, it would be useful to include
histories of diet, smoking, and drinking
xanthine- or alcohol-containing beverages.
These measures could be taken in terms of
behavior generally and behavior immedi-
ately before the study. Also, a large number
ofMCS sufferers show signs and symptoms
of anxiety and depression, and it is not
unreasonable to expect that many people
would be anxious about an experimental
exposure to an agent they suspect would
exacerbate their problems. Thus, it would
be useful to incorporate into the test stan-
dard measures of anxiety and depression
together with a measure of mood to help
explain any potential confounding ofthese
effects with those of the agent itself. Last,
because of the question ofadaptation, it is
important to include the exposure history
ofthe MCS sufferers.
Conclusion
MCS is very real to the sufferer, whether
the effects are physical or imagined, and
whether or not others believe them. The
effects can be serious, even debilitating, and
the incidence is growing. Most of the
symptoms can affect cognitive and psy-
chomotor function, either directly or indi-
rectly. Effects such as poor concentration
and memory could be caused directly by an
effect on the central nervous system, or
indirectly through distraction by somatic
effects. Somatic problems such as joint and
muscle aches and irritation could also affect
coordination directly. Thus, for whatever
reason, an individual's ability to think,
reason, and coordinate could be impaired.
This paper has described several cogni-
tive and psychomotor performance tests as
well as some experiment designs and control
procedures that could be considered for use
in MCS studies. Cognitive and psychomo-
tor performance tests have a record oflong
and successful use in psychopharmacology.
The tests have been used to evaluate the
effects ofmany drugs, both internally, i.e.,
that the drugs caused the effects, and exter-
nally, i.e., that the effects extrapolate to real
life. Tests based on the stage processing
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model ofperformance have also been used
successfully to differentiate drug effects on
various cognitive stages, e.g., discrimination,
recognition, information storage, informa-
tion recall, and decision making. Cognitive
and psychomotor performance tests have
also been widely used to assess the effects of
other environmental stressors such as heat
and cold, fatigue, wearing protective doth-
ing, and exposure to industrial chemicals.
Cognitive and psychomotor perfor-
mance tests could be put to the same use in
MCS. They can measure the effects of
experimental exposures to chemicals or
other agents and determine the efficacy of
diagnostic, preventative, or therapeutic mea-
sures. They can assess the ability ofMCS
sufferers to work, and they can help sway
the opinion ofthose peoplewho are sceptical
ofthe authenticity ofMCS by contributing
to the bodyofobjective evidence.
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